
EEmpirical SSimulation TTechnique

Perform life-cycle analysis
of storm impacts

• flood frequency
• beach / dune recession
• disposal site analysis
• scour at bridge piles



EST Presentation Topics

• Overview of EST

• Beginning a New Session

• Graphics Settings

• Building Input and Response Parameters

• Running EST

• Visualization



Overview of EST – What does it do?

• Procedure for simulating multiple life-cycle sequences of non-
deterministic multi-parameter systems

• Based on a "Bootstrap" resampling-with-replacement, 
interpolation, and subsequent smoothing technique

• Employs random sampling of a finite length database to generate a 
larger database

Example:
Storm events and their corresponding environmental impacts 



What does this mean?

• A generalized risk analysis procedure for any cyclic or frequency-related
phenomena

• Applications include risk / frequency of:
• Flood levels due to storms
• Erosion of dredged material mounds
• Storm-induced beach / dune erosion
• Scour at bridge piles due to extreme currents
• ETC!  Applications are endless

• Basic assumption: future events statistically similar in magnitude & 
frequency to past events



Procedure

• Start with analysis of historical events that have impacted a specific locale 
(for simplicity, this presentation is restricted to flood frequency analysis)

• Select a database of storm events for your project site

• Parameterize events in some way to define their characteristics and impacts

• Parameters that define the storms are referred to as Input Vectors

• Response Vectors define storm-related impacts

• Input & response vectors are used as the basis for generating life-cycle

simulations of storm-event activity with corresponding impacts



Input Vectors for Tropical Storms

Input vectors describe the physical characteristics of the storm event &

the location of the event with respect to the project site.  

For a tropical storm input vectors or storm parameters might include:
• central pressure deficit
• radius to maximum winds
• maximum wind velocity
• minimum distance from the eye of the storm to the project site (track)
• forward speed of the eye
• tidal phase and amplitude during the event
• ETC!



Input Vectors for 
ExtraTropical Storms

Parameters for an extratropical storm might include:
• duration of event as measured by some threshold damage criteria
• associated wind wave heights and periods
• tidal phase and amplitude
• storm surge elevation with no tidal contribution
• ETC! 

Note:  Input vectors are not limited to those described; they can be any
physical attribute of the overall system that may affect the response of 
the system.  For example, in some applications rainfall and river stage 
could be included as input vectors since their values influence the 
computed distribution of high water within a basin.



Response Vectors

Response vectors define storm-related impacts such as inundation and 
shoreline / dune erosion.  Both tropical & extratropical storms might include:

• maximum surge or flood elevation
• shoreline erosion
• dune recession
• ETC!

Response vectors are related to input vectors BUT the interrelationship is
• highly nonlinear
• involve correlation relationships that cannot be directly defined, 

i.e., nonparametric



More on Response Vectors

For example, in addition to storm input parameters storm surge is a function of
• local bathymetry
• shoreline slope and exposure
• spatial and temporal gradients of ocean currents, temperature, etc.

It is assumed these combined effects are reflected by the response vectors
even though their individual contribution to the response is unknown.

Response parameters are usually not available from post-storm records 

at the spatial density required for a frequency analysis.  



Additional Tools Needed

Therefore, response vectors are generally computed via numerical
models.  For example:  

• maximum surge elevation may require a hydrodynamic model 
coupled to a tropical storm model or databases containing
extratropical wind fields

• storm-related erosion may require additional models to compute
berm / dune erosion

Typical models for simulating response phenomena might be:

ADCIRC, DYNLET, STWAVE, SBEACH, GENESIS, ETC!



Implementation of ESTEST

Compute flood elevation frequency for the State of South Carolina

Coastal Reach



Data Search

Goal: Determine stage-frequency relationships at 38 coastal locations

Key: Develop an appropriate database of storms and their impacts

For tropical storms the NOAA “HURDAT” database 
covers 150 years of tropical storm information 
impacting the east and Gulf coast of the U.S. 

EST contains the HURDAT database



HURDATHURDAT

NOAA’s HURricane DATabase
• Impact areas: U.S. East / Gulf coasts & Caribbean sea
• Coverage: 1851 to present  (through 2001 in CEDAS)
• Data available in 6-hr intervals:

• latitude / longitude of tropical storm eye
• central pressure
• maximum wind speed

• Caution: storm data may be sparse – 19th century.
• View the data for each analyzed storm to help determine 
if it should be included in your database of storms.
• Export the storm analysis results in an ASCII form that
complies with EST input format.



SC Input Vectors

The EST interface has a mechanism to interrogate this database and 

determine appropriate events.  Before selecting the storms you must 

decide which storm parameters you will use as the “input vectors” for 

your simulation.  In the S.C. study the following were selected:

I1 – tidal phasing

I2 – distance from eye

I3 – central pressure deficit

I4 – max wind speed

I5 – forward speed



Edit Data Screen

Go to the Stations tab
to access the HURDAT
database



Storm Analysis

Storm Analysis
1 - specify criteria, input parameters, &  
station location
2 - select storms from the file to analyze / 

identify
candidates
3 - select / 
export
your
storm set



Augmentation

Ideally: historical data will be adequate insofar that it includes both 
the number of events and the severity of events as measured by their 
descriptive parameters.  Experience shows this is usually not the case.

Steps in selecting an appropriate storm set:
• Remove redundant events
• Augment the database with historical “like” storms

(necessary for very sparse databases)

Historical “like” storms: storms that could have occurred



Training Set

Example historical “like” storms

• one with a slightly altered path

• one with increased/decreased 

radius to maximum wind

• ETC.

Assignment of probability to these 

historical “like” storms will be covered later.

The set of storms to be use for EST simulations is referred to as

the training set.



ADCIRC Simulations

ADCIRC was used in the SC study
to simulate the 28 tropical storm
Events in the training set



Storm Event Consistency

AXIOM: future events similar to past events

• training set contains events the same as or similar to historical events

• EST approach selects a sample storm based on a random number 

selection from 0 to 1

• performs a random walk from an event Xi with x1 and x2 response 

vectors to the nearest neighbor vectors

• walk is based on independent uniform random numbers on (-1,1)

This procedure has the effect of simulating responses that are not 
identical to the historical events but are similar to events that have
historically occurred.



Storm Event Frequency

AXIOM:  storm occurrence similar to historical

Poisson distribution determines the average number of 
expected events in a given year.

where Pr defines the probability of having s events
per year and λ is the historically based number
of events per year 

Output from the EST program is N repetitions of a life cycle of
T-years of simulated storm event responses



Beginning a New Session

Specify title, units, datum, & case notes



Set Tropical Storm Parameters

# events/yr = # historical events
# observation yrs

# repetitions of a “life cycle” - N

# of years in a “life cycle” - T

Allows run duplication



Set ExtraTropical Storm Parameters

Similar input parameters
as for tropical storms



Define Station Locations

For the actual study 38 stations were selected.
Station names & locations can be imported as
an ASCII file, entered directly, OR created
graphically. 



Set Graphics Controls

In this study there was a single 
response.  Settings to the left
refer to what curves are shown
on all plotted results.



EST Input

HUGO

Columns of the storm
database:

# of event
Historical or not
Relative probability
Storm name
I1 – tidal phasing
I2 – distance from eye
I3 – central pressure

deficit
I4 – max wind speed
I5 – forward speed
R1 – max water elevation



EST Input

Extratropical storms

All historical with the same 

relative probability

I1 –multiplier of M2

for spring, mean, neap

I2 – peak tidal elevation

I3 – surge elevation

with no tide

R1 – max water elevation

9 storms selected



SC Results


	Empirical Simulation Technique

